Results of studies on actions of cytochrome c on the liver have been reported by the authors (1-4). In a previous report (4), a conclusion was reached that the improving action exhibited by cytochrome c on spontaneously decreasing liver function in aged rats results from the improvement of mitochondrial function and an increase in hepatic glutathione.
Results of studies on actions of cytochrome c on the liver have been reported by the authors (1) (2) (3) (4) . In a previous report (4), a conclusion was reached that the improving action exhibited by cytochrome c on spontaneously decreasing liver function in aged rats results from the improvement of mitochondrial function and an increase in hepatic glutathione.
In the present study, attempts have been made to determine the effects of aging on lipid and sugar metabolism as well as the effects of cytochrome c administration of lipid and sugar metabolism in aged rats showing spontaneous decrease in liver function.
MATERIALS AND METHODS
The experimental materials and methods conformed to those described in the previ ous report (4) . Equine cytochrome c was given to 500 day-old rats i.nn. into thigh or p.o.
in the form of enteric-coated granules in a dose of 100 mg/kg for 21 consecutive days and biochemical studies were conducted in comparison with 70 and 250 day-old rats.
Method of Lipid Determination: Total serum lipids, serum cholesterol and phospho lipids were measured by means of the Bragdon's oxidation method (5), the Zurkowsky's method (6) and the Hoeflmayer and Fried's method (7) respectively, whereas free fatty acid, triglyceride and f3-lipoprotein were measured by means of the Doncomb's method (8) , the Van Handel's method (9) and the heparin calcium chloride sedimentaion method (10) respectively. In determining hepatic lipids, total lipids, cholesterol, phospholipids and neutral fat were measured by the same method as used in serum determinations by extracting lipids from a homogenate prepared by adding 9 ml. of 0.9 % aqueous sodium chloride to 1 g. of the liver with the use of a mixture of chloroform and methanol (2: 1).
Analysis of Fatty Acid Composition: The fatty acid composition of the serum total lipids and the hepatic total lipids were analyzed by Higasa's method (11) and Takenaka's method (12) , respectively.
The fatty acid oxidizing capacity of the hepatic mitochondria was determined by Hagihara's method (13 (26) and Greenberg and Lester's method (27) respectively.
The number of animals used for the present experiment is shown in a table in the results section. Evaluation of the significance of the results was performed using Student's t test . Results are given as mean I s.e.. Dat are cited from Nature New Biology (2). Significant differences from 500 days old, untreated rat group are marked : **(p<0.01) * (p<0 .05)
RESULTS

Effects of cytochrorne c on lipid metabolism
As shown in Table 1 , a marked increase in lipids in the serum and liver was observed with aging, significantly in free fatty acid, (3-lipoprotein and hepatic total lipids. How ever, the level of hepatic phospholipids showed little change even with aging.
On the other hand, cytochrome c given to 500 day-old rats i.m. or p.o. produced an apparent decrease in lipids in the serum and the liver, and significantly decreased were hepatic total lipids and cholesterol. This lipid-lowering effect was rather more significant with p.o. than with i.m. adminis tration. Table 2 shows the above correlation qualitatively.
As shown in Tables 3 and 4 , a decline in C16=1, Cis and C20°4 and an increase in C18-2 of the serum total lipids as well as a decline in the L/O ratio, C,g and C20-4 and an increase in Cps of the liver total lipids were observed with aging, which, however, were not as significant as expected.
Also, an increase in C20 a and the L/O ratio and a drop in C,s-2 of the serum total lipids as well as an increase in C,s-2 and the L/O ratio in the hepatic total lipids were observed as a result of the administration of cytochrorne c, indicating a tendency toward improvement of fatty acid composition. Table 5 shows that the administration of cytochrome c apparently improved the capa city of the hepatic mitochondria to oxidize fatty acid which had significantly declined with aging. Results are given as means !-s.e.. Significant differences from 500 days old, untreated rat group arc marked : * (p<~0.05)
2. Effects of cytochrome c on su, ar nmtaholisnt
As shown in Table 6 , the level of blood sugar, hepatic glycogen, and citric acid in the serum showed a significant decrease with aging.
An increase or a decrease in citric acid, pyruvic acid, urine sugar and the lactic acid/ pyruvic acid ratio (L/P ratio) in the liver was also observed. On the other hand, the decline of the activity of sugar metabolism with aging was improved as a result of the administra tion of cytochrome c. Table 7 indicates the above correlation qualitatively. Explanation of arrows as in Table 2 .
EJFects of cytochrome c on enzyme activity in sugar and lipid metabolism
As shown in Table 8 , the activities of the respective enzymes such as glucose-6-phos phatase, fructose-l, 6-diphosphatase, ATP citrate lyase, acyl CoA synthetase and lipase in adipose tissue showed a decline with aging, and significantly so were the activities of glu cose-6-phosphatase, acyl CoA synthetase and lipase in adipose tissue. The administration of cytochrome c produced a significant increase in the activity of acyl CoA synthetase, but it showed little effect on the activity of the other enzymes measured in the present experi ment.
On the other hand, the activity of hepatic lipase showed an increase with aging , declining again after the administration of cytochrome c, the significance of which was not clearly defined. Results are given as means -s.e.. Significant differences from 500 days, untreated rat group are marked : ** (p<0.01) ; *(p<0.05)
Effects of cytochrome c on A TP, coenzyme A, a-, lycero-phosphate and ketone body
As shown in Table 9 , the levels of ATP, cy-glycero-phosphate and coenzyme A in the liver showed either a significant decrease or an increase with aging, and ketone bodies in the blood also showed a decline. All these levels showing a significant change with aging were brought to the levels of adult rats after cytochrome c administration. As has also been reported elsewhere (28) the lipid level in the serum and the liver in rats in the present experiment showed a marked increase with aging.
On the other hand, the marked increase in the level of lipids despite a decrease with aging in the activity of ATP citrate lyase as an indicator of lipid synthesis is probably due to lowering of such activities related to lipid catabolism as acyl CoA synthetase activity, lipase activity in the adipose tissue and the fatty acid oxidizing capacity of the mitochondria ex ceeds the lowering in the lipid synthesis. This is consistent with such findings reported in the past as the lowering in fatty acid synthesis from glucose (29) , cholesterol synthesis (30) and catabolism (31) and a decline in the activity of lipoprotein lipase (32) with aging.
In the present experiment, the effects of aging on the composition of fatty acids were not significant. According to Nakazawa (33) , the abnormal fatty acid composition of se rum lipids in aged rats reflects the fact of C16-1, an increase in C18, C18=2, C20-4 and a decline in the L/O ratio. The authors also observed a decline in C2o=4 with aging, but results cor responding to those of Nakazawa were not obtained with regard to C16=1, C18 and C18=2.
As regards the fatty acid composition of the hepatic lipids, a decline in C18, C20=4 and the L/O ratio as well as an increase in C16 were observed with aging. These results are similar to those obtained by Nakazawa on the fatty acid compsotion of serum lipids.
Although the effects of aging on the composition of fatty acid in the liver and serum were not consistent and have yet to be clarified, it is presumed that the incon sistency may have been due to differences in strains, sex, aging and breeding conditions of the rats.
Effects of aging on sugar metabolism
The decline in blood sugar, hepatic glycogen and urine sugar with aging is caused by a decline in the intake of food and a disturbance of glyconeogenesis.
The food intake in 70 day-old, 250 day-old and 500 day-old rats is 23.7+3.5, 18.0+0.6
and 18.8--2.0 g. per animal per day, respectively. The intake of food showed a decline with aging.
The lowering in the activities of fructose-1, 6-diphosphatase and glucose-6-phos phatase (34) as well as a decline in the ratio of lactic acid to pyruvic acid in the liver indicating the supplying condition of NADH2 necessary for glyconeogenesis (35) suggests a disturbance in the glyconeogenesis system. On the other hand, a disturbance in sugar catabolism is also possible, since a decrease in the activity of glucose-6-phosphate de hydrogenase with aging (36) and a decline in glucose tolerance in aged men (37) have been reported. Therefore the decline in blood sugar is probably due to the fact that the low ering of glyconeogenesis exceeds that of sugar catabolism.
In addition, a decline in hepatic ATP and coenzyme A and an increase in hepatic pyru vie acid and citric acid are presumably due to a decline in the activity of the TCA cycle.
Meanwhile, an increase in the level of a-glycero-phosphate suggests that the route of synthesis of lipids from glucose through a-glycero-phosphate is superior to the route of metabolism from glucolysis to the TCA cycle. The significant decrease in serum citric acid was not however clarified.
Effects of cytochronre c administration
The administration of cytochrome c lowered the level of lipids in the liver and the se rum in aged rats, probably by the acceleration of lipid catabolism produced by the reacti vation of acyl CoA synthetase and the fatty acid oxidizing capacity. This was also in cor relation with an increase in ketone bodies produced by the decomposition of fatty acids.
The increase in the level of hepatic ATP suggests improved energy metabolism, coin ciding with an increase in the levels of cytochromes a, b and c by the mitochondria and the reactivation of the tissue respiration (4) . Although the mechanism of the increase in the level of hepatic ATP has yet to be clarified, the increase is attributed to an increase in he patic glutathione and decline in lipid peroxides as described in a previous paper (4) . Fur thermore an increase in coenzyme A and a decline in pyruvic acid suggest an increase in the activity of the TCA cycle.
The administration of cytochrome c showed an increase in the levels of blood sugar and hepatic glycogen, but neither a rise in the activities of glucose-6-phosphatase and fruc tose-1, 6-diphosphatase nor an increase in food intake was observed.
In view of an in crease in the ratio of lactic acid to pyruvic acid, the increase in the blood sugar and hepatic glycogen levels may be the result a secondary action brought about by the accelerated li pid catabolism and improved energy metabolism.
